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Abstract 
the paper adopts standard Hk turbulence model and other mathematical models, and completing the blending lignite 
combustion numerical simulation of 600 MW boiler of one power plant. Three conditions were simulated in this 
paper, and these three conditions were compared and analyzed, the basic conclusion is consistent with the test. The 
result shows that the combustion character of blending lignite is lower than burning soft coal. Burning lignite shows a 
decline furnace temperatureˈand the simulation results are consistent with the experimental results. Pay attention to 
adjust the reasonable operating manner, and the operation is safety and economic. At the same time this paper also 
provides a useful reference for researching tangentially fired boiler furnace process. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
The combustion of powdered coal in the furnace is complicated physical and chemical process. In 
recent years, with the development of computer technology, the numerical simulation method of 
combustion in the furnace have developed quickly and applied successfully in civil engineering. Now, 
numerical simulation of the furnace becomes the most vital method to design of the boiler. Cycling unit 
stable combustion is at low load, slag, pollution control and so on. They need to know the flame, flow, 
temperature conditions, thus numerical simulation of the furnace has been increasingly showing its 
importance. This article uses the standard Hk turbulence model to simulate the combustion in the 
furnace of the boiler, which unit is 600MW. The results show the distribution of component ǃ
temperature field and the trace of particles. 
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2.Simulated Object and Conditions 
2.1.Simulation object 
This paper simulates power plant manufactured by the Harbin Boiler Production HG-2080/17.5-
YM12 sub-criticǃ a reheatǃsingle-chamber-type arrangement and controlled circulation boiler.  
2.2.Simulation cases 
This paper will simulate three kinds of conditions. The case 1 burns only Mengdong coal; Case 2 is 
blending with 30% of the Huolinhe lignite; Case 3 is blending with 50% of the Huolinhe lignite. The 
condition of the coal and ash characteristics is shown in Tableĉ:

Fig1. The Structure of the Furnace Burner Size and Layout Diagram (Unit: mm) 
Tableĉ  The condition element analysis and industry analysis of coal 
Elemental Analysis˄%˅ Industry Analysis˄%˅
Project 
arC arH arO arN arS arnetQ .  ( kJ/kg) arM arA dafV
Case 1 51.18 3.35 7.32 0.82 0.39 20151 5.34 31.6 41.35 
Case2 44.55 2.95 7.82 0.73 0.35 17202 11.56 32.1 43.16 
Case 3 41.24 2.76 8.07 0.69 0.34 15727 14.7 32.4 44.06 
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3.Mathematical Model and Boundary Conditions 
The calculation of this article has used non-premixed combustion model, with standard Hk
turbulence model to simulate gas turbulence transport, used the P-1 radiation model to calculate radiation 
heat transfer, a dual match rate model adopts for the release of volatile matter, used gas flow SIMPLE 
method to solve, and the solution of solid particles is the particle trajectory model with random. Orthogonal 
non-uniform staggered grid is used and the grid unit on the control volume method is used to discrete 





















Here are unsteady term and convection terms on the left, and particles of the interaction by diffusion 
term, source item, and gas-solid flowing on the right.  
All vents are using the first boundary condition, which are given the speed and temperature. Outlet 
boundary is selected pressure outlet boundary condition. Solid wall treatment uses the wall function 
method. The temperature boundary is given the temperature. 
4.Numerical Simulation Results Compared with The Experimental Results  
4.1.Temperature field 
Burning lignite furnace temperature field in the unit is under full load. From the analysis of TableĊ,
after burning lignite, the temperature field of the lower burner of the furnace significantly increases, and 
upper furnace flue gas temperature decreases slightly.  
TABLEĊ UNDER DIFFERENT CASES OF FURNACE TEMPERATURE WITH THE FURNACE HEIGHT CHANGE RESULTS
Elevation Case Unit ʿ1 ʿ2 ʿ3 ʿ4 Average
49m 
0% ć 1194 1194 1195 1195 1195 
30% ć 1158 1158 1160 1144 1152 
50% ć 1160 1160 1163 1128 1146 
37.2m 
0% ć 1195 1195 1190 1180 1185 
30% ć 1126 1128 1127 1124 1126 
50% ć 1145 1146 1149 1150 1150 
26.5m 
0% ć 1365 1370 1355 1430 1380 
30% ć 1435 1454 1460 1474 1456 
50% ć 1441 1465 1431 1467 1451 
23.5m 
0% ć 1290 1250 1390 1320 1313 
30% ć 1434 1298 1376 1328 1359 
50% ć 1421 1394 1350 1302 1367 
15m 
0% ć 1300 1265 1255 1255 1265 
1260 1265 1255 1265 
30% ć 1277 1315 1322 1262 1298 
1280 1350 1265 1309 
50% ć 1365 1292 1317 1242 1297 
1280 1305 1260 1311 

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Case1                                                          Case2                                                           
Fig2.  A First Layer of Air Temperature Distribution in the Horizontal Section (Unit: K)Fig2 shows the temperature distribution
which is the first level burner cross-section at case 1ǃ2ǃ3, and the highest point of the furnace temperature is in a certain distance 
from the crater, the maximum inscribes circle of  the outside. The temperature near the burner crater is lower about 650K, but the
temperature rapidly increases when coal comes into the furnace combustion area. At the same operation condition, because of high
volatile of case2 and case 3, the ignition point has been advanced, resulting in the shortening of distance from the high temperature 
region to the vents, generating local high temperature easily, leading to the burner nozzle coking. Local prone to high temperature, 
and leads to the burner nozzle coking. Simulation results and experimental results are basically consistent.  
Fig3 shows the temperature distribution in the furnace center plane. As can be seen from the figure3, 
the maximum temperature is in the center of the furnace. The high temperature area of the whole furnace 
region is in the combustion area, with the furnace height increasing, the temperature gradually decreases. 
The maximum temperature of case 1 reaches 1776K above case 2 and case 3. It shows that when blending 
with lignite coal the temperature level is lower than only burning Mengdong coal. Because the quality of 
Mengdong coal is better than Huolinhe lignite coal .So the mixing's calorific value is lower than Mengdong 
coal. From the coal analysis results, blending with lignite coal, compared with Mengdong, coke is not very 
big changes. So burning lignite is lower than burning Mengdong coal on the slag potential, from the 
blending proportion, the lowest temperature is the case 3. It is description that proportion the greater will 
be the more difficult to slag. The simulation results are consistent with the experimental results. 
From the above analysis shows that blending with lignite, the volatile of the coal become higher, so that 
the ignition point of the coal is advanced and can easily lead to local high temperature, we can avoid this 
phenomenon by adjust the wind and the coal of ratio, and adjust the first and second wind speed.  
   
Case1                                                                Case2                                                            Case3 
Fig3.   The Vertical Central Plane of The Furnace Temperature Distribution (Unit: K) 
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Case1                                                                    Case2                                                            Case3 
Fig4. Center Section of the Furnace CO Concentration (Unit: %) 
4.2.CO concentration furnace 
Fig 4 shows the concentration distribution of CO  on section of the center in the furnace. There are high 
mass concentration of CO and low mass concentration ofCO in the high-temperature region of the furnace. 
Because of the radical reactions generate between C and 
2O in the high-temperature region of the furnace, a 
mass of
2O would be consumed and CO is the main product in the reactions. Then CO and
excess
2O generated 2CO in the low temperature zone and CO  generated in the high temperature zone is 
consumed. As can be seen from Fig 4, case1, case2 and case3 have very low CO  concentration, and the 
mass of CO  is roughly 4% near the folding flame corner. It can be known from these data, the simulation 
results are basically consistent with the experimental results. 
From the three cases can be seen that CO concentration decreases with the furnace height increasing. 
Since the coal has the high volatile in case 2 and case 3, there is a huge of heat released and flue gas 
temperature rapidly increases in the progress of combustion, so that carbon combustion time is shortened. 
At the same time, a large number of CO is generated near the crater, and it will shorten the ignition time. 
Whether coke or not in combustion region depends on the temperature level of the boiler. Obviously, from 
the case 2 can be seen, with the shorter the ignition time of carbon and this will result in generating the 
local high temperature region near the wall region, which will easily lead to coking phenomenon. 
4.3.Particle orbit 
Fig5 is the four corners of the jet trajectory of coal in the furnace. The trajectory of coal particles can be 
seen from Fig5, and coal particles are mainly concentrated in the burner area. Part of particles move to the 
bottom of the boiler, and fall into the bucket of cold dust. But also part of particles rotates at the bottom of 
the furnace and then goes up to the vent area and continues to burn completely finally. Also part of the 
particles appears wall collision phenomenon, so these positions will be easy to slag. 
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
Fig5.   Particle Trajectories 
5.Conclusion 
y The overall temperature will decline after burning with lignite and will be difficult to produce 
large area of slagging. The simulation results coincide with the experimental results. 
y As the lignite has high volatile, the burning time of carbon will be shortened when blended with 
lignite, coming into being high temperature area near the spout, and it can easily lead to slag.  
y  After burning with lignite, due to its high volatile, the burning time of the powdered coal will 
move up , causing the temperature of main burner area quickly going up, and the furnace exit flue gas 
temperature decreases.  
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